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Successful controlled limb reperfusion 
after severe prolonged ischemia 
J. o .  Defra igne,  MD,  PhD,  J. P incemai l ,  PhD,  C. Laroche,  RN,  
F. Blaffart, RN,  and R. L imet ,  MD,  PhD,  Liege, Belgium 
Controlled limb reperfusion was performed in two patients who were admitted for lower 
l imb-threatening ischemia s a result of  embolism. After embolectomy, the inflow blood 
was drained with a cannula and mixed with a crystalloid solution to obtain an hyperos- 
molar, hypocalcemic, alkalotic, and substrate-enriched (aspartate, glutamate) reperfusate. 
This reperfusate was reinjected with a roller pump for 30 minutes through two cannulas 
inserted in the profimda and superficial femoral arteries. Temperature, intraarterial 
pressures, and flow were closely controlled. No complications occurred, and complete 
recovery of  motor and sensory flmctions were observed, with restoration of pedal pulses. 
(J Vasc Surg 1997;26:346-50.) 
Revascularization of  a l imb after a severe and 
prolonged period of ischemia may be associated with 
several local and systemic omplications ("revascular- 
izati0n syndrome") that lead to high rates of  mortal- 
ity and amputation. 1-3 Current therapies are gener- 
ally directed against complications after they occur, 
once revascularization is completed. Nevertheless, a 
substantial percentage of  the injury is generated on 
reperfusion, and some experimental nd clinical data 
suggest hat careful control o f  both the composit ion 
and the physical conditions of  the initial reperfusion 
may prevent he development of  this injury. 4-5 
Here we report our initial clinical experience with 
controlled l imb reperfusion in two patients with se- 
vere l imb-threatening ischemia. 
CASE REPORTS 
Case 1. A 75-year-old woman was admitted for acute 
bilateral ower limb ischemia (pallor, cyanosis, profound 
sensory loss, and complete paralysis). Symptoms were 
present since 4 hours before admission. Eighteen months 
earlier the patient underwent an aortobifemoral bypass 
procedure with terminoterminal proximal anastomosis. 
Two months before, the patient was asymptomatic with 
bilaterally palpated pedal pulses. On examination, o arte- 
rial pulses were palpated bilaterally and no distal venous 
and arterial Doppler signals were audible. Considering the 
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bilaterality of the ischemia nd the absence of claudication 
before the present episode, massive mbolism was consid- 
ered. No arteriogram was obtained, and the patient was 
immediately transferred into the operating room. 
After induction of general anesthesia, heart rate, elec- 
trocardiogram, central venous pressure (CVP), blood pres- 
sure, urine output, and rectal temperature were monitored 
continuously. The common, superficial, and profunda 
femoral arteries and the graft limbs were xposed bilaterally 
via groin incisions. The right and left limbs were treated 
sequentially. After administration of heparin (3 mg/kg),  a 
3 cm longitudinal arteriotomy was performed on the graft 
limbs and prolonged on the origin of-the superficial femo- 
ral arteries. Proximal and distal thrombectomies were per- 
formed with a Fogarty catheter. A wire-enforced 221: can- 
nula (inflow cannula, Jostra Medizintechnick, Hechinger, 
Germany) was introduced into the graft limb from the 
arteriotomy to aspirate oxygenated blood and was con- 
nected to the inflow line of the reperfusion set (HP Med- 
ica, Augsburg, Germany; Fig. 1). The inflow line was 
placed in the head of a roller pump. A second line was 
connected to a crystalloid crystalloid solution (Dr. Franz 
K6hler Chemie, Asbach-Hahnlein, Germany) and placed 
in the head of a second roller pump. The crystalloid solu- 
tion contained citric acid (0.1230 g/L),  sodium citrate 
(2.4860 g/L),  NaH2PO 4 (0.0935 g/L),  NaCI (1.2150 
g/L),  Trometanol (4.9080 g/L),  glucose (7.8250 g/L),  
sodium glutamate (4.8090 g/L),  and sodium aspartate 
(4.3990 g/L). The two outflow lines coming from the 
pumps were connected with an Y piece to form the delivery 
line of the controlled reperfusate, which was passed 
through a heat exchanger (Fig. 1). Two reperfusion cannu- 
las (9F catheter with self-inflating balloon and additional 
pressure monitoring line [Research Medical, Midvale, 
Utah]) were connected at the end of the delivery line. After 
deairing, these cannulas were introduced into the superfi- 
cial and profunda femoral arteries. Thereafter, controlled 
limb reperfusion was started and continued for 30 minutes 
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Fig. 1. Controlled limb reperfusion. 1, Inflow cannula; 2, asanguineous crystalloid solution; 3 
and 3b, roller pumps; 4, delivery line of controlled reperfusate; 5,heat exchanger; 6a and 6b, 
outflow cannulas inserted into profunda nd superficial femoris arteries; 7, pressure monitor. 
in each limb, treated successively. The flow rates of both 
roller pumps were adjusted to mix the crystalloid solution 
and the oxygenated blood (ratio 1:6). Samples were taken 
from the arterial blood (inflow line) and from the con- 
trolled reperfusate (delivery line) and were analyzed at 
sequential time intervals (Table I). Compared with the 
arterial blood, the controlled reperfusate was hypocalce- 
mic, alkalotic, and hyperglycemic. At the end of the reper- 
fusion, the a,rteriotomies were closed with a Dacron patch 
and the limb reperfused with normal blood. 
The rectal temperature dropped from 35.7 ° C to 
34 ° C during the reperfusion procedure. The intraarterial 
pressures in the profunda and superficial femoral arteries 
were maintained between 45 and 70 mm Hg. As the flow 
reached 120 ml/min for the left limb and 230 ml/min for 
the right limb, the patient received 1750 ml of crystalloid 
solution. Systemic arterial pressure remained stable, but an 
increase of the CVP to 15 mm Hg required administration 
of furosemide (Lasix, Hoechst, Germany, two intravenous 
boluses of 20 mg and 10 mg), with a resultant decrease of 
the CVP. During the controlled reperfusion, total urine 
output reached 500 ml. Hyperglycemia required adminis- 
tration of two 10 mg intravenous boluses of insulin. 
After partial neutralization of heparin with protamine, 
bilateral fasciotomies of the legs were performed 1 hour 
after revascularization. At this moment, the muscles were 
not edematous and contracted under mechanical stimula- 
tion. After surgery, complete recovery of sensory and mo- 
tor functions were observed in both legs and pedal pulses 
were palpated bilaterally. Only a small nonsignificant in- 
crease in the limb perimeters was observed. The maximal 
serum peak of creatinine ldnase reached 7169 U/L  (nor- 
mal range, 0 to 100 U/L),  and the increase of the plasma 
myoglobin level was moderate (396 ixg/L; normal range, 
5 to 90 ugr/L). The renal function remained stable, with a 
maximum plasma creatinine level to 1.1 mg/dl (normal 
range, 0.6 to 1.1 mg/dl) that was not significantly different 
from the preoperative value (0.9 mg/dl). The patient was 
treated with low molecular weight heparin and thereafter 
with warfarin derivatives and was discharged on the tenth 
postoperative day. 
Case 2. A 81-year-old woman was admitted for severe 
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Table I. Blood measurements in arterial blood and in controlled reperfusate after 15 and 30 minutes 
o f  controlled reperfusion of  right l imb- -  case 1 
Arterial blood Arterial Controlled Arterial Controlled 
before controlled blood reperfusate blood reperfusate 
reperfusion (15 rain) (15 rain) (30 min) (30 rain) 
pH 7.31 7.37 7.50 7.37 7.50 
Pco 2 (mm Hg) 44.1 43.9 27.9 42.8 28.4 
Po e (mm Hg) 280.4 257.5 260.9 274.5 242.4 
BE (mmol/L) -3.4 +0.8 +0.1 +0.7 +0.3 
Hb (g/N) 9.4 7.3 6.6 7.2 6.2 
Ht (%) 27.6 21.5 19.4 21.2 18.2 
Sat 02 (%) 98.4 98.4 99.2 99.0 98.5 
Na (retool/L) 139.0 133.0 130.9 131.6 129.2 
K (mmol/L) 3.07 3.39 2.82 3.35 2.78 
Ca (mmol/L) 1.05 0.75 0.22 0.71 0.20 
Glyc (g/L) 2.63 3.70 6.4 4.31 6,7 
BE, Base excess; Hb, hemoglobin; Ht, hematocrit; Sat O> saturated in oxygen; Glyc, glycemia. 
ischemia of the right lower limb (pallor, cyanosis, complete 
anesthesia, nd severe motor function impairment) that 
began suddenly 8 hours before admission. Past medical 
history included chronic atrial fibrillation. No femoral and 
distal pulses were palpated, and no distal Doppler signals 
were audible. An arteriogram showed occlusion of the 
external i iac artery with revascularization f distal branches 
of the profunda femoral artery. Considering atrial fibrilla- 
tion and sudden onset, the diagnosis of embolism was 
retained. 
General anesthesia nd monitoring of the vital signs 
were performed as in Case 1. After exposure of the femoral 
vessels and administration of heparin (3 mg/kg), a longi- 
tudinal arteriotomy was performed on the common femo- 
ral artery. Embolectomy was achieved with a Fogarty cath- 
eter. Thereafter, controlled limb reperfusion was performed 
according to the procedure described for Case 1, with the 
inflow camlula passed into the external iliac rtery from the 
arteriotomy. After 30 minutes the controlled limb reperfusion 
was stopped, the arteriotomy was closed with a Dacron patch, 
and the limb was reperfused with normal blood. Samples 
were taken from the arterial blood (inflow line) and from the 
venous effluent (femoral vein) and were analyzed at sequential 
time intervals (Table II). No hyperkaliemia was observed in 
the venous blood, and oxygen uptake occurred in the limb as 
shown by the arteriovenous difference in Po a. During the 
controlled reperfusion, the rectal temperature dropped from 
36.5 ° C to 35 ° C. The intraarterial pressures in the profunda 
and superficial femoral arteries were maintained between 45 
mm Hg and 70 mm Hg by adjusting the fl0w rate, which 
varied from 180 to 250 ml/min, approximately 1500 ml of 
the crystalloid solution being perfused. An increase of the 
CVP to 22 mm Hg required administration of 20 mg of 
furosemide and withdrawal of 300 ml of blood from the 
inflow line. The CVP decreased progressively, and the total 
urine output reached 700 ml during the procedure. To man- 
age hyperglycemia, two boluses of 10 mg of insulin were 
administered intravenously. After partial neutralization of 
heparin with protamine, fasciotomies were performed one 
half hour after revascularization. At this moment, no marked 
muscle edema was observed. After surgery, complete func- 
tional recovery was observed and pedal pulses were palpated 
bilaterally. The measurements of the limb perimeters did not 
show limb edema. The maximal serum peak of creatinine 
kinase reached 2000 U/L  (normal range, 0 to 100 U/L)  and 
the increase of the plasma myoglobin level was moderate 
(284 b~g/L; normal range, 5 to 90 ugr/L). The plasma 
creatinine level (1.5 mg/dl; normal range, 0.6 to 1.1 mg/dl) 
was transiently increased after 24 hours compared with the 
preoperative alue (0.9 mg/dl) and returned to normal value 
within 48 hours, with a diuresis of 2500 ml on the first 
postoperative day. The patient, who was discharged on the 
tenth postoperative day, was treated with low molecular 
weight heparin because of a fear of hemorrhage with warfarin 
derivatives in an old patient. 
DISCUSSION 
After prolonged periods o f  skeletal muscle isch- 
emia, sudden restoration of  normal blood flow dam- 
ages the muscle cells. Rhabdomyolysis and resultant 
leakage of  the myocytes content into the venous 
effluent onsets the development o f  a postrevascular- 
ization syndrome that is characterized by several in- 
juries, both local (limb edema, no reflow phenome- 
non, and compartment syndrome) and systemic 
(hyperkaliemia, rhythm disturbances, myoglobinuria 
with renal failure, pulmonary microembolism). >3 
Depending on the extent o f  the collateral circulation, 
the duration of  ischemia is only one determining 
cause among others. 6 In our first patient, limb- 
threatening ischemia was present in spite o f  a limited 
period of  ischemia (4 hours). No  collaterality was 
possible because of  the obstruction of  the previous 
aortobifemoral bypass graft implanted in a termino- 
terminal way on the native aorta. 
The contribution of  the reperfusion to the patho- 
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Table II. Blood measurements in arterial blood and in venous effluent at various time intervals 
during controlled reperfusion--case 2 
1 minute 5 minutes 15 minutes 30 minutes 
Arterial blood Venous blood Arterial blood Venous blood Arterial blood Venous blood Arterial blood Venous blood 
Time (inflow line) (femoral vein) (inflow line) (femoral vein) (inflow line) (femoral vein) (inflow line) (femoral vein) 
pH 7.38 6.97 7.36 7.28 7.38 7.40 7.37 7.40 
Pco 2 (mm Hg) 36.3 61.0 37.0 42.3 35.5 29.9 37.2 30.5 
Po 2 (ram Hg) 148.2 36.9 157.7 45.8 154.7 37.8 142.3 35.7 
BE (mmol/L) -2.3 -15.4 -3.0 -5.6 -2.7 -5.0 -2.8 -4.6 
Hb (g/dl) 8.9 5.7 7.9 5.7 7.3 5.5 6.8 5.5 
Ht (%) 26.2 16.8 23.2 16.8 21.5 16.2 20.0 16.2 
Sat 02 (%) 98.9 42.8 99.0 76.4 99.0 72.9 98.8 69.4 
Na (retool/L) 140.7 147.0 140.1 131.0 136.6 128.3 134.3 128.4 
K (retool/L) 3.87 2.95 3.85 3.55 4.09 3.57 4.68 4.34 
Ca (mmol/L) 1.14 0.75 0.89 <0.50 0.79 <0.50 0.74 <0.50 
Glyc (g/L) 1.27 0.54 2.13 4.59 2.95 5.23 3.47 5.16 
BE, Base excess; Hb, hemoglobin; Ht, hematocrit; Sat 02, saturated in oxygen; Glyc, glycemia. 
genesis of these damages has been underlined. By an 
analogy with the myocardium, 7 various interventions 
designed to modify the biochemical and physical 
conditions of the initial rcperfusion may protect he 
skeletal muscle and prevent the postrcvascularization 
syndrome. In our patients, the arterial blood was 
modified by mixing with a crystalloid solution and 
reinfused in the outflow vessels to allow progressive 
restoration of the metabolism. Compared with the 
arterial blood, the reperfusate was hyperosmolar, hy- 
pocalcemic, and substrate-enriched. Oxygen was 
provided during the reperfusion because of its im- 
portance for the metabolism. Mthough some authors 
have shown improved microvascular permeability af- 
ter reperfusion with hypoxemic blood, 8induction of 
hypoxia could be hazardous in aged patients under 
general anesthesia, s in the present report. Local 
hypoxemia during the reperfusion could bc eventu- 
ally achieved by isolated limb perfusion with extra- 
corporeal circulation coupled to an oxygenator, 
which is, however, more technically consuming. Cal- 
cium concentration was markedly decreased to limit 
calcium influx by adding citrate to the blood; never- 
theless, the reperfusate was not calcium-free to avoid 
the calcium paradox, a To minimize the cellular and 
extracellular swelling, a marked increase of the osmo- 
larity above 380 mosm/L was obtained by high 
concentrations of glucose. In addition to its osmotic 
effect, glucose may perhaps initiate anaerobic energy 
production at the start of reperfusion. In fact, glu- 
cose uptake by the muscle is increased in the post- 
ischemic period and is dependent on the arterial 
glucose concentration. 4,s,9 Physiologic colloid os- 
motic pressure (26 mm Hg) was achieved by the 
albumin concentration present in the blood and was 
not markedly affected by the decrease of the hemat- 
ocrit level (20%). To improve oxygen uptake and 
metabolic processes that are pH-dependent, he 
rcperfusatc was rendered markedly alkalotic with a 
buffer to reverse tissue acidosis, de pite the low flow 
of the reperfusate. As shown by the arteriovenous 
difference in Po  2 (Table II), oxygen uptake was not 
affected by the increased pH of the reperfusate. 
Amino acids are released by the skeletal muscle after 
ischemia, and glutamate uptake is related to arterial 
plasma levels. 4,<1° Thus the reperfusate was enriched 
in glutamate and aspartate, which, as in the cardiac 
muscle, are used in the Krebs cycle to produce aden- 
osine triphosphate for cell repair and subsequent 
function. Finally, the high levels of systemic hepa- 
rinization used in controlled reperfusion might avoid 
propagation of thrombus in both the arterial and 
venous circulation. 4,s The prevention of oxygen free 
radical production with a xanthine oxidase inhibitor 
(i.e. allopurinol) may be useful. However, reperfu- 
sion injury has a complex pathophysiologic basis and 
cannot be used as a synonym for free radical injury 
because a modified reperfusate without free radical 
scavengers i  still superior to an unmodified reperfu- 
sate. Furthermore, red blood cells are potent free 
radical scavengers. 4,s 
The conditions of reperfusatc delivery were also 
controlled. By adjusting the flow rate, the intraarte- 
rial pressure was maintained above 45 mm Hg to 
overcome the residual tone in small muscular arter- 
ies, and below 70 mm Hg to prevent edema ob- 
served with higher pressures. As the peripheral vascu- 
lar resistance may be different in the profunda nd 
superficial femoral arteries, clamps on the cannulas 
allowed selective control of the pressure in each ves- 
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sel. In our first case, the peripheral resistance were 
higher (lower flow achieved) in the left limb when 
compared with the right limb, but the clinical out- 
comes were similar in both legs. We have no explana- 
tion for this. Normothermia during controlled reper- 
fusion helps to optimize the cellular metabolism and 
the ionic transport. Finally, the duration of the reper- 
fusion was limited to 30 minutes because of adverse 
effects beyond this time period (cell dehydration by 
the hyperosmolar reperfusate). 4,s 
Although no side effects were reported in one 
series, 4,5 controlled limb reperfusion may potentially 
cause systemic alterations. Decrease of the total cal- 
cium concentration was observed both in the venous 
and arterial blood. The volume overload and the 
resultant increase of the CVP, which occurred in our 
two patients, was treated with diuretics, and no fluid 
infusion nor blood transfusion were given by the 
anesthesiologist. Nevertheless, a continuous increase 
of the CVP during controlled reperfusion may be a 
sufficient reason to terminate the procedure. Finally, 
hyperglycemia related to the high levels of glucose in 
the crystalloid solution required administration of 
insulin, which rapidly normalized the glycemia. Prin- 
ciple fasciotomies were performed because of poten- 
tial medicolegal implications. Nevertheless, based on 
the macroscopic aspects of the muscles 1 hour after 
reperfusion, our feeling was that these fasciotomies 
could have been avoided. In the future, with gaining 
experience, fasciotomies will perhaps no longer be 
performed. 
CONCLUSION 
Initial results obtained with controlled limb 
reperfusion are promising. The procedure issafe and 
easily performed in the operating room. Additional 
randomized investigations are necessary, however, to 
determine whether additional therapeutic proce- 
dures or reperfusion components are required to 
prevent he development of the "revascularization 
syndrome." 
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